
EVOLUTIONOF FLORAL
NECTARIES IN IRIDACEAE 1

ange of pollinalion syndromes within the family. Rased on nutgroup comparison, presence of septal nee laries is probabb

he plesiomorplm condition lot Iridaceae. tlespitt lien bsen. Horn ill. pulalc • I i.-al genus Isoplnsis Willim
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-ix g. in i i). septal ni-i Ian. s are ahsent from Aristea, Geosiris, and Patersonia and present in the three shrubby Cape

the subfamily Iridoideae, where they t

tepals (most species of Moraea) or the
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nectaries by developmental!) later Ion
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3tween the two. In many other Irideae they are located at the bases of the outer

bases of all six tepals (e.g., Fermna). In <)ls\nium doitfilnsii ant) 0. jumeum

•reted directly from the filament column, and in Sisyrinrhiiim subg. Sisyrinchiitm

)art of the filament column. Perigonal nectaries may have evolved from septal
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about 65 genera and 1850 species llial arc nit.sl aL 1985) to be closely related to some families of

ahundant and diverse in the Southern Hemisphere Liliales. although molecular analyses have now

especially Africa. They represent an unusually <«>- clarified their placement in Asparagales (APG,

herent family among lilioid monocots, possessing 1998).

several reliable inoi omorphies. in- Septal nectaries are a characteristic feature of

eluding the presence of isobilateral unil'acial flowers of many monocotyledons (Van Heel, 1988;

leaves, styloid crystals, and flowers with only three Sclmiid, 1985, 1988; Kndress. 1995; Simpson,

stamens ("i.e., lacking the inner stamina] whorl). Re- 1993, 1998: Smets et al.. 2000). They result from

cent molecular au.i .. i I . , . iplete fusion of a small region of the carpel

Chase et al., 1995, 2000) have consistently placed margins, vshich ate otherwise fused. In contrast,

Iridaceae in the order Asparagales. among (lie low- perigonal (stamen and tepal) nectaries occur mainly

er asparagoi.l grade, associated with families such in the orders Asparagales and Liliales, but are con-

as Dorvanlhaceae (Dorydiithcs). Kioliriaceae (/.\7- ccnlraled in I .iliales. where septal nectaries are en-

olirion), and Tecophilaeaceae. Iridaceae and Or- tirely absent (Ru.lall et al.. 2000). Septal nectaries

chidaceae represent easily the largest families of and perigonal nectaries rarely (or possibly never)

Asparagales (indeed, orchitis are arguably the sec- occur together in the same flower in monocots

ontl-largesl angiosperm family). Despite their read- (Smets et al., 2000). Iridaceae are highly unusual

ily diagnostic features, both families are unusually (possibly uni<|iiei in llial both types occur in dif-

diverse in terms ol in. I I ores, and both ferent genera within the family, some members of

share some characters with the order Liliales, in- which also have oil-producing epidermal cells and

eluding the presence of perigonal nectaries in some trichomes (elaiu l.-n i ill obably related to dif-

taxa. For this reason they were formerly thought ferent pollinalion syndromes. This paper reviews
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Crocoideae (+sn)

Nivenieae (+sn)

Aristea (-sn)

Geosiris (-sn)

Patersonia (-sn)

£

(-sn)

Tigridieae (-sn)

Sisyrinchieae (-sn)

Irideael (-sn)

Bobartia (-sn)

Irideae2 (-sn)

Diplarrhena (+sn)

Isophysis (-sn)

Tecophilaeaceae (+/-sn)

Doryanthes (+sn)

Ixiolirion (+sn)

Iridaceae. Particular reference is made to a recent

combined molecular analysis of Iridaceae using

lour |»lasti<l DIN A data sets (two protein coding

genes: rpsA, rl><\„ tlie trnL intron, and the trnL-V

inler-gene spacer: Reeves et al., 2001; Fig. 1).

dicated in Table I. Flowers were fixed in FAA (for-

malin acetic alcohol) and stored in 1()'A ellianol

before processing. Flowers were embedded in I'ar-

aplast using standard methods of -

and serially sectioned using a rot

u .» „ I

Alcian blue 8CX, dehydrated throi

series to 100% ethanol then HlstocL

Fuparal or DFX mountant, and e

i < tm, i In ight-lield optics.

est sublainib Crneoidene (Kioideae. i iicliiiliiiv ca.

-'<• genera of \lriea jiu\ Fiua-ia). septal ueclaiies

are present in re|)resentative specie- ol all I'.-iieia

examined (Tables I, 2; Daumann. 1970; de Vos.

1974a, b, 1982. 19JH. I9J!.,) (Figs. I A. B. 5C, 6A,

C). The so-calle<l stylar notaries described by

Daiunann (l'M)i loi Lupeinuism hi.ui (Tliunb.) N.

F, Br. and /, eruvnta (Findl.) Baker (= Freesia laxa

(Thunb.) Goldblatt & J. C. Manning: Goldblatt &
Manning. P>v.>) an- pmhahb septal nectaries wild

pores opening close to the base ol the style. Nectar

I
luclion is suppressed in some (aocoidcae. no-

tably Ixia subg. Ixia (Goldblatt et al., 2000a), but

non-functional septal nectaries are apparently pre-

and /. viridifiora (Daumann, 1970).

Septal nectaries are also present in l)ij>laithena

(Fig. 5B) but absent from all other members of sub-

family Iridoideae (sensu Goldblatt. 1998a) exam-

ined here (Figs. 2C, I). F, 3F, 5A, 6B, 7A, HA).

Within subfamib \i\e idcae. which includes si\

genera ((Goldblatt. 1998a). septal nectaries are ab-

sent from Aristea (Fig. 4B). Geosiris (Fig. 4C), and

nectar is not produced in most 1/-

t see below). However, septal nee-

I in the shrubby Cape genera Klal-
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lia, Tasmania, Jarmtin .

oei (L. Guthrie) N. E. I

mgifalm R. 15 r.

Cultivated material, NBGr

Cultivated material, RBGKew, U.K.

Madagascar, Dorr el al. s.n. (MO)

South Africa, W. Cape, Coldhlall Hi 17 (MO)

South Africa. W. Cape, Coldhlall !',<,.«>
I

\lt ))

South Africa, W. Cape. «.W,/M,i// r-W (MO)

South Africa, W. Cape. Coldhlall 7628 (\U))

Australia, New South Wales. /„,/,/ .«.«. (NBC)

South Africa, W. Cape. Coldhlall & Centry

(NBC)

nia grandifiom Sweet

Hi'iim dougla.sii A. Dietr.

n/iim yimrpum (E. Mey. ex Presl) Gol

losantlius hi \us (Endl.) Bentli.

nialerial. BUG Kew, U.K.

ashu^tu,,. Coldhlall 11642 (MO)

material, RBGMelbourne, Austra

material, RBGKew, U.K.

material, RBGKew, U.K.

material, RBGKew, U.K.

km V\. |..,|lc

South Africa, W. Cape, Houeher 52M (INIMJ)

Cultivated material. NBGKirstenhoseh, South Africa

South Africa, W. Cape, Coldhlall & Manning I /665

(MO)

South Africa, W. Cape, Coldhlall & Porter 11 888

Africa, N. Cape, Coldbla

3)

Africa, N. Cape, GoUUaU& Manning

Africa, W. Cape, foldblalt & Porter

1176.',

., .1. Mil! |{. (.. h.-.t<

i .ii- i) i' i;,i>

Celasine elongala (H. Grah.) P. Ravenna

Tigridia meleagris (Lindl.) Nichols.

Tribe Trime/ieae

Pseudotrimezia planifolia P. Ravenna

Mexico, Kenton. Hudall X lion aid /</ 2I<> 1

1

Bra/il. Ilarley el at. 2,11, (Kl



a. W. Cape, Goldhlatt & Manning

i. Goldhlatt & Manning 104.1 1 (N

i, W. Cape, Manning s.n. (MMJ)

.. W. Cape. Snyman 97/ (NBC)

AW,,//,',, /.,sru (I..) KYkl.

Sparaxis gmndijlora (I). Dela.ochc) ker-Cawl.

South Africa, W. Cape. Goldhlatt 2545 (MO. NBC)

South Africa, W. Cape, Goldhlatt & Manning 10343

(NBG)

Cultivated material, RBG, Kew, U.K.

Cultivated material. NBC 1

Cultivated material, NBC I

Cultivate malerial. NBC \

South Africa. W. Cape. Wooh/7 v 2(120 (NBC

I

South Africa. W. Cape. 1/«hhi7 v iWfc (NBCl

South Africa, near George, Goldhlatt iv' Manning s.n.

South Africa, W. Cape. Cape Peninsula. Goldhlatt &
Manning s.n.

South Africa, W. Cap.'. Manning 2017 (NBC)

Cullivalcd material, NBC r^

South Africa, W. Cape,

nosrapa tistulosa (K. Vley. e\ kl.ilil Ooldhlatl

//</. .\7Yr«w. ami 11,/ wm, (figs. .1 \. K 0. ID. K).

which I.il-.-iIm-i I' 'i in a i I ul. 1
(

IW1; lieeves ,.| ; ,l.. 2(H) I). Septal nectaries are ab-

sent Imin the ni.-ie.-.-ri.-i ic -nhlainiK Unpin -i«|oi-

deae (Isophysis) (Fig. 2E).

IVrigmial nectaries ami elaiophores (oil-produc-

ing hairs) are mostly eonluied l<> sublanuK Iridoi-

deae, in which septal nectaries are always absent

(except Diplanht'iur. see above). However, there are

at least two examples of pergonal nectaries or

elaioplmres in lava outside Iridoideae: ( I ) one spe-

cies of Nivenioideae (Aristeu spiralis (L.f.) Ker-

,l,,l I

perignnal nectaries on the short perianth tnlie he

low the Base of the live parts of the lepals (Fig.

IA); Dainnann (1<>70) also reported pergonal nec-

taries in 1. ufrinma (I..) Hoffmanns. (2) In Trito-

mopw\ purn/lnni (.la. i|.| (,. J. Lewis (siiblanu ly Cro-

«'oid.-ae). llor.il nils ;n, produced from a glandular

epilhelinm at the Base of the tree parts of the lepals

and in the mouth of the perianth Inl.e (Manning Ov

Ooldhlatl. 2002). Oil secretion is supplemented 1>\

Within subfamily Iridoideae, perigonal nectaries

and elaiophores lake several different forms. Itau-

niaiiii (Vm) illustrate.) highly vascularized nectar-

iferous regions present on different parts of the

flower surface in different species of 'Iris. These in-

cluded:

(1) Nectaries present on the base ol the perianth

lull.- o •..mpri-nif lii-cl perianth and -~l.itiiiii.il tissue).

e~|.eeiall\ dull e\. I ll-l vi I \ ) hi ill.- I ill. i -t; inn rial

regions (e.g.. in /. douglasiana Ton.. /. rnsata

Tluinb.. I. Joetidissima I... /. gramiiwa 1... /. pseu-

dacortis I,.. /. sihm.n I .. ami also in two allied mono-

typic genera. Belamcanda and HernwdaclylLs).

(2) Neelniies piesrul aro I the Ba-e ol ill. s|\|<-

(e.g.. in /. dicholoma Pall.).

(.T) Nectaries present in a continuous region ex-

perianth tube

.,„/../,.,„,

, /. kolpakouskiana Kegel.

I tingitanu Hoiss.

. xipliioidcs Khrh.)

niier lepals in /. sis \ rin< Ilium I . These .

. wiirlcM-nsis I



rinchium subp. Sisy-

bsenl (Fig. 21 I
elaiphores present on tepal <l

(Figs. 3B, 9)

Ijsent elaiophores present on tepal c

.resent in all taxa (Kips. 2 A. al)sent

B. 5C, 6A. C)

the unlused regions of the carpel margin- within

the ovary. I)iit they could easily he tnistakenU iden-

tified as such in the ahseiice of anatomical seel ion-.

Among other members of the Old World and

North American trihc Irideae. m Martini ami /•*/

raria the smooth glistening perigonal nectaries.

eye: they are located at the bases of the outer lepab

(in most species of Monica) or at or near the bases

of, ill six lepals ii i l-'c:u:>;>.) ai d mai!\ Moroni -pp )

(Vogel, 1954; Daumann. 1070; de Vos. 1979; Oold-

blatt. 1986. 1987: (ioldhlalt K Manning, unpub-

lished data). In some -pecie- of hcrraria the tier-

ed In n obs,-,,

i of the

Species of

plying likely nectar-bearing parts of the Mower to

1 1 1 < tongue) ((ioldblall. unpublished data). This ob-

ser\ation refutes Daiunaun's (1070) reports of per-

igonal nectaries in Dietes bicolor (Lindl.) Sweet and

I), iridoides (L.) Sweet ex Klatt (as both I), vcgcla

(L) N. K. Br. and Moroni iritloides L.). In Monica

ochrolcuca (Salish.) Drapie/, and M. lurida ker-

(iavvl. nectar is produced along the length ol all six

lanlc, ons glands aiv evident ((M.ldhlatletal.. 1998:

Goldblatl K Manning. 2002). Nectaries are not de-

veloped in several species of Monica that are

pollinated by hopliine scarab hectics, e.g.. M. can-

iharoplula Goldblatt & J. C. Manning. M. tulbagh-

ensis L bolus, and M. rillosa ker-Gawl. (Goldblatt

et ah. 1998: Goldblatt X Manning. 2002: Steiner.

1998).

The New World Iridoideae are currently distrib-

uted among tribes Sis\ riiichieae. fnnic/ieae. and

Tigrideae (Goldblatt. 1990. 1998a). These include

different parts of the flower, although some appar-

ently lack nectar enlireb: for example. Cocucci and

Yogel (2001) reported that Ol.u nium \>h ////./>/ (Klatt

)

I ,oldblall :Si~\i ii. In. -a. I
docs ,„,| produce nectar.

In many Iridoideae (and other Iridaceae) the sta-

men filaments arc free in the upper half and fused

into a filament column at their base. In (>. dotiidasit

A. Dietr. the outer surface of the filament column

is smooth, with large epidermal cells and dark-

staiinng liighb vascularized tissue beneath, indi-

cating a nectary (fig. 7A-D). The inner surface of

walled. The filament column is >wollni just above

the base: nectar presumably accumulates in a sub-

epidermal space in this region. After exudation.



2. —A
II. (hlUrusuntltus la.uis (Iridnidcac Sis\ riiiclii.-a.- 1. IS „l Hour, I

ary (C) and style plus perianth tube (ID: nrclan.-s ,,!,„. u - K. Isopinsis tusnutnivu (Isophysidoideae), TS of si

ary; nectaries ahscnl. K Grlasinv claniwLi ! 1 1 i« I. ,i < I, .,, Ti-ridirai-). IS <.l lop of ovar\. nectaries absent. S<

her around the narrow basal part ol the colunin.

This neelar chamber (also present in some Morava

species, e.g., M. minima Aridr.; Coldblatt & Bern-

liardl, !<><><)) is enclosed l>\ llie short perianth tube

(in (>l.s\tiiiiiii). the walls of which are almost in con-

tact with the swollen portion of the filament column,

oi bv the short lepal claw- lh.il al.nl ihc swollen

described for 0. douglasii. At least 0. junceum I

Mey. ex Presl) Goldblatt is known to produce nee

(Forcone el al., IW8), which is presumably seer

ed from anticlinally elongated epidermal cells

both surfaces of the filament tube (Fig. 8).

Many other New World Iridoideae bear triehoi

elaiophores, which are invariably unicellular a





i I! I I)..', mm

shaped, mlh a rounded lip. In Si.sMuirhiuni phores also occm on ill.- lepal . law- in Tea i. lieae.

. Sisyrinrliium trie-homes (elaiophores) present including Alophia (syn. Ku.stylis), Cyprlhi. Enimil-

le lower part of the filament eoliiinii (Vi$>. M'., o/ilms
( li-. <)). l-'usirrin (a genus closely allied to.

crele floral oils: this was first reported by Yo- if not nested in Ti&idia: (ioldblatt. IWHa). Crlas-

1971, 1974) and described in detail by Co- inc. Hcrhrrtia. many species oi'Tigridia (Fig. .ili),

i and Yogel (2001). Similar Iriehome elaio- and Trimezieae. including \eomtirivu (Molseed.
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D '

;#—
li. Jusl al>n\e lop (,f inferior man. -dmum*: central sl\l

i tube. —C. More distill section showing central shir

ml cells arc axialls eloiigaled anil the inner epidermis i

I
i J i i hit ill showing • xtensiw \ is.-ul n lissn. I .cue,



1970; Vogel, 1974; Lee, 1994). Tin- elaio-

* develop from epidermal cells rather late in

• pineiil. -1 h trl l\ |ii h.i Li anllicsis. Tli. -ii ih-lii

i on the tepals varies, although in general the

zone ol glandular triehomes is restricted to tl

,i\ial suilaccs nl ihe -in, ill. : inner lepjk. .
f I

.

centrated in pouches at the juncture of the

claw and limli. In Herbert ia there are nectar



r'igun <> / 'in • iln l< i 1 ii Ii

perigonal trichomes ik.I . I.'\. oped 15. 1- >l older Inn

surface of inner tepals. —( .. TS of bud just before anlhesi

inner tepals. Scale = 0.5 mm.

eae). TS of flowers through style. —A. TS ol young hud:

1: short perigonal lii.-houies (elaiophores) present on inner

-: longer Iriehonies (elaiophores) present on inner surface of

the smaller inner tepals and the claws of the outer

tepals. At least two genera of the Inl.o apparently

lack tiei I.iii. > s ,',',•"
; <

, i
•
' .-/.. 'i > h

have porose anthers anil on lliis hasis arc cxpecte<l

associated with Ihi/.z pollination, and information

.«,.. ih I > 1

1 mlieates thai these two genera lack nec-

taries and elaiophores (Molseed K Crude... I%<);

Ravenna, 1974). Eleuthenne and Nemaslylis also

evidently laek nectaries (Molsecl. 1970) hut these

hiscence.



Missouri Botanical Garden

Red-flowered and presu.nal.lv Immt ghird pol 1008: budall. 2002). fav et al. (2000) placed Ixi-

linated species of 7'^rtV/w, which were formerly olirion with Doryantlws in an equally weighted mul-

placed in a separate genus. Kn-ulvlhi (( ioldblatl. tigene analysis and \\ illi Tecnphilaeaceae in a suc-

1998a), secrete copious amounts of sugary ncclar ccssivcly weighted analysis. Analysis of

from nectaries on the inner lepal .laws (Crudcn. morphological dala (b'udall. 20021.) supported a

1971). Other Tigridieae may also secrete nectar close association between Ixiolirion and Doryan-
Iroin perigonal nectaries, although this is ade llirs. although Ixiolirion shares a conn with Tceo-

quately documented. Molseed (1070) mentioned llv plulaeaceae (Kul»it/ki. 1008; Simpson v\ IJu.lall.

and wasp visitors in some small-flowered species of IWil). while Donanllws has a short vertical rlii-

Tigrulia; as far as we know flies and wasps do not /ome (Clifford. 1998).

take floral oils as a reward. Septal nectaries are absent from some Tecophi-

l,ee (1994) described a novel mode of nectar pro- laeaceae (Simps,,,, X b'udall. 1008). hut present in

duction in Alophia drummondii Crah. in which the both Doryanlhcs. in which copious nectar is sc-

expanded, fiddle-shaped anther connectives secrete creted (Newman. 1928; I'atil & Pai, 1981; Kocyan
a sticky mucilage with dilute sugar content. During & Kndress. 2001) and Ixiolirion (Rudall, 2002a).

the later stages of anlhesis this is concent rated by Loss of septal nectaries has apparently occurred dc

evaporation to form an alternative nectar source. novo several limes within Asparagales (Rudall,

The primary role of the mucilage is reportedly lo 2002a). including at least once in hoth Tecophilae-

promole pollen adherence on the dorsal thorax ol aeeae and Iridaeeae. Therefore, despite their al>-

visiling hees. sence from the putalivel\ hasal genus. Isophysis

(see below, and introduction), the most likely sce-

DlSCUSSION nario is that presence ol 'septal nectaries is the ple-

SII'IAI Nil TAKII-S IN ASI'AUA Al I.

sioniorpllicc Ill l( ill lot
1

1

M lai eac I I' I :. Il

Total absence of septal nectaries (i.e.. complete

An understanding ol sister group relationships is fusion of carpel margins) occurs sporadically within

critical for optimization of characters onto an ex- Asparagales (sensu APO, 1008). in contrast lo ihe

isling phytogeny. However, this is problematical lor related order l.iliales. where absence of septal ncc-

Iridaeeae because iclalionships anioiig the various lanes and presence ,.| perianal nectaries both rep-

lower asparagoid elades are still not salislaclorily resent highly consistent svnapomorphies (ftudall et

resolved, partly because Ixiolirion is a "wildcard" al.. 2000). Total absence of ncclar often indicates

laxon on a very long branch in molecular analyses an alternative pollination mode; for example, sev-

(Kay et al., 2000). lending lo destabilize tree to- eral asparagoid families with vihratile (buzz) polli-

pology. Three la\a. Ixiolirion ( I \ ml i. iaceae). Do, nal ion anil So/,ininti-[\pc Mowers lack nectaries en-

yanthes (l)oryanlhaeeae). and Tccophi laeaceae, are tirely. including some Laxmanniaceae (e.g.,

commonly placed close to Iridaeeae in cladislic \rlhropodiuni). some llemeroeallidaceae. some Te-

analyses (e.g., Chase et al., 1995; Rudall et al., cophilaeaeeae. and apostasioid orchids (Vogel.

1997; Kay et al., 20(H)). Of these, the Australian 1981; Dressier. 1993; Bernhardt, 1995, 19<*>; ko-

hird-pollinated genus Doryanlhcs (ca. Iwo spp.) is cyan & Kndress. 2001; b'udall. 2001, 2002a). Sep-

a good candidate for a sister group relationship with lal nectaries are often absent from epigynous laxa

Iridaeeae because il shares some svnapomorphies. (1,'udall. 2002a! and always absent Iron, "hvper-

iiicluding presence of styloid crystals (and absence epigynous" laxa with gvnosteinia such as Orchi-

«.l raphides). \\ ilhin Iridaeeae. raphides arc uivari daeeae (luidall e, Kalemaii. 2002).

ably absent and almost all laxa have styloids (Cold-

Malt el al., 1984) with the exception of Sisyrin- nk <:tahiks IN ihidackak
rliiutn and its close allies, which lack crystals

altogether (a s\ napoinorphv I,,, I hi- i:ionp: luidall

et al., 1986; OoldMatt et al., 1990). On the other

hand, raphides are present (and styloids absent) in different data scls. especially between molecu
both Ixiolirion and Teeoplulaea. -eae (I'ry. hid ci liu and morphology, although even the molecular

dall, 1999). Kurthermore. both Doryanlhcs and Ir- pologies differed in some respects (lb-eves e| ;

idaceae have exlrorse anther dehiscence, a char- 200 1). Analysis of four plaslid DNAdata sets (rb<

s4, lrn\„ lrn\.-Y) lor 57 genera of Iridaeeae pi

all of the ovarv (Simpson e» b'udall. [.laced relative to morphologica



hill lilt' combined amih piodl :. ed a tree ill which

:It ,li!>i; 111 lies were resolved as ItKill* »| >ll\ lei ie. e\-

ce|)l that Nivciiimdeue loruied a grade in which

(aocoideae (Ixioideae) were embedded (Reeves el

al.. 2()(t|). Among other genera of disputed affini-

ties, (leosiris was placed within the nivenioid grade

((ioldblatt et al.. 1987). Isophysis was sister to the

rest of the fund u.h placed in a

well-supported position as sister to Iridoideae (Kn-

diill & (ioldblatt. 2001). Hohartia (formerly Sisyrin-

chieae: (ioldblatt & Rudall. 1002) has found sup-

port as a member of Irideae (Iridoideae). by both

Reeves et al.s (2(M)1) study and a molecular anal-

ysis of the fTS2 gene (I)onato et al., 2000).

Assuming that the combined (successively

weighted) molecular lopologv of Reeves el al.

(2001) is correel. with the Tasinanian genus Iso-

physis as the basal taxon (Fig. 1). and also that the

condition lor Iridaceae (see above), then there are

tun po->ible evolutionary scenarios for this char-

acter within the family: (1) suppression of -epial

nectaries in the anceslor of lri<laceae plus at least

two de novo development.-, of septal nectaries, in

Nivennmleae/Crocoideae and Diplarrheaa (and

probably a subsequent secondary loss in Iridoi-

deae). or (2) separate -Mippto-ion- of septal nec-

taries in fsoplnsis. the basal \ivemoideae I \n--ha.

(.cosins. ami I'alersmiia), and Iridoideae. as illus-

trated in Figure 1. The latter scenario would in-

volve several separate losses of septal nectaries in

Isoplnsii. \ristea. (ieosiris. and I'alersonia. How-

ever, it is possible that Aristea. (ieosiris. and I'alcr-

al. (2001) suggested that the exist

i

which coiillicls with morphological data loi these

la\a. is (jiiestioii.i I Li I vels of se(|uenee

divergence. In any case, this hypothesis, although

less parsimonious, is perhaps ult

sihle. especially if (as seems likely) perigonal nec-

taries evolved from septal nectaries (see below).

Mrctiioideae untl ('.rot oiileae. The subfamily

\mtuoideae is a relatively heterogeneous group

with respect to several characters, including nec-

taries (Table 2). Reeves et al. (2001), in analyses

of molecular data bom four gene loci, found Niv-

enioideae to be paraphv let i< In (aocoideae (Ixioi-

deae). although the three shrubby Cape genera

Klattia (3 spp.). Mrenia (10 spp.). and Witsema (I

sp.l together formed a well-supported clade. Klal-

liti. Mrenia. and Wilsenia all have septal nectaries

(Figs. 3A, F, G, 4D, F). In Nirema, nectar ranges

from I to 2 pi in volume, has a relatively high saiga i

concentration, and is sucrose-rich ((ioldhlatt.

1993). In

i as 77.- of nee

I'hiinb. and Id." pi lie. tar in k. slnl.ori (uilluie

((ioldhlatt. 1993). In these genera nectar sugar con-

centrations are low. 12-13'/ sucrose equivalents,

and nectars are hexose (glucose plus fructose (-dom-

inant. Larger volumes of nectar, low -agar concen-

trations, and dominance ol hexose sugars in these

two genera are associated with sunbird pollination

compared with aiilhophorine bee and/or long-pro-

bos, id flv pollination in Mrenia ((ioldhlatt. 1993).

Most species of the Afro-Madagascan Aristea (ca.

30 sp|>.: Niveiiioideae) do not produce nectar and

lack septal nectaries; the presence ol perigonal

phy for this species. Aristea spiralis is embedded

within the derived subgenus I'sctidarislca. which is

ehaiaclen/ed hv deiived huge pollen grains with

speciali/ed 2-/onasulcate aperture's ((ioldhlatt &
LeThomas. 1997). Nectar production in A. spiralis

ap|>ears to be correlated with its pollination bv

long-prnhoseid Mil's, evidently unique in the genus

(Johnson. 1992; (ioldhlatt & Manning. 1997). Of

the remaining genera of Niveiiioideae. nectaries are

absent from the Yladagascan saprophvle Ceosiri^.

and the saberform Mowers of the Australasian I'd

tersonia. which have a long perianth lube. In this

genus the tube evidently serves to raise the nearly

sessile (lowers out of the long inllorescence spathes

that enclose the Mower buds.

Within subfamily Crocoideae (28 genera, cur-

rently arranged in three tribes), nectar characlcr-

i-lics an- highly variable in volume and coiiecnlra-

lion. but are typically sucrose-rich to

ated with the di-

iri " 1( » s l genera of

1993, 1998. 2001,

2000; Bernhardt &

ed species (Gold-

blatt et ah. 1999. 2001). Discharge of nectar from

septal nectaries is highly variable (Smels et ah.

2000). Suppression o| neeiai production in some

species ol l.\ia sul.g. I\ia is associated with a shift

in polliiialn.il strategy I nun aiilhophorine bees to

hopliinc beetles iii section Ixia (hopbines have no

interest in neclai and use flowers largely as -lies

for assembly, mate selection, and copiilalioni K,o|,|-

blatt et ah. 2000a). As far as is known, species of

the other section Diehone of Ixia siibg. Ixia arc buz/

pollinated bv female aiilhophorine I s. and pollen

is the sole floral reward « ioldhlatt el ah. 2000a).

hi subgenus /wo. suppression of nectar secretion



. nails lightly -

.veh

unctions as a slalk (pseudopedicel) lor the oul-

prcad lepals. I'h. n.it tow i hl' ol llie t ul m - so thai il

lasps the style occurs ill species ol' several otliei

lis traces ol iieclai are still seeiehd ami presented

t the mouth of the tube (Coldblatt et al., 2000a,

»). and de Vos (1972) has confirmed that septal

icclaries are present in Honiulea. Often, no trace

if nectar can he detected in Mowers of these spe-

ies. presumably because the nectar has already

iceii removed In visiting bees. In two species of

Icspciantha. however, nectar secretion appears I..

pc complelelv suppressed and pollination is accom-

plished by deceit, the Mowers of these species re-

einbliug others that do secrete neclai (Ooldhlall el

In Tritoniopsis parviflora, production of Moral oils

mmglaudidai epilhelimu al llie base of the ft . i
•

.arts of the tepals (Manning & Coldblatt. 2002) is

ppaienlh 1 1 1 1 1 <
1

1 1 . .1111. Ml- ( toeoideae. This species

> pollinated over pari of its range by the oil-cob

'clin- iik'IiIImI bee. licdiriva iiiiias. Species ol AY-

7/7/ yj are assumed to use Moral oils as part of the

mhI supply for larvae (Steiner X Whitehead. 19JW5.

tubular style branches (someli s with apical ap-

pendages! ami lerminal hi siiblci minal sh-ma lobes

typical of Iridoideae.

Conversely, the leaf anatomy of Diplarrhcna is

rather similar to that ol l.ihcrlia llridoideae Nsv-

rinclneae) (Kudall. 1980. 1<XM). and the simple

ulniilrn,-: Diplarrhena. The presence of septal

aiK's in Diplanliriia argues against its inclu-

in the subfamily Iridoideae , which otherwise

ely lack them. Hudall and Coldblatt (2001)

ted a new tribe, Diplarrheneae, for this genus

loted that its phylogenelic p<: -sition remains un-

lin. Molecular data did not lully resolve the

ions of either l)ipl,n i hcna <>i Patersonia, since

occupied reversed positions in the rps4 topol-

and trnL-F trees

ves el al.. 2001). although in the combined

essively weighted) molecu lar analysis their

ions wen- strongly supported (HS 90<#
) with

)iphiiili,-iin as Mslei to Iridoideae. and I'alcrsoma

ister to the remaining Nivenioideae/Crocoideae.

On the other hand, the presence of septal nee-

ines in Nivenioideae/* aoeoidoae phi- Diplarrhcna

•mis to support the rps\ topology {Diplarrhcna a-

ister to Nivenioideae/Crocoideae) rather than the

omblin-il lopology (!• ig. I ). illl gh /J

uks the repealed eodon of the rps\ gene that is

,und in the Nivenioid-Crocoid clade (Souza-Clnes

t al., 1997). Diplarrhcna shares morphological

imilarilies with some Nivenioideae: lot example,

olh-u ol Diplanln-na sirikiuglv ies,mhle- thai ol

'alcisonia. bold bavin- distinctive iuapcrliualc

ollen wild a verniilorm siirlace patterning ih'udall

, Ooldblall. 2001). Mowers ol Diplarrhcna differ

olhei Iridoideae. f in I hei more, allhough the sub-

family Nivenioideae lacks clear synapomorphies

and ma\ well lie paraphv lelic (lieeves ct al.. 2001 ).

Diplanhi n,i differs from lliem in -omc respects, no-

tably inlloreseence morphology, having Mowers in

simple rhipldla rather than tin- paired I.m buiate)

rhipidia of all Nivenioideae (Coldblatt. 1990; Man-

ning ,K Coldblatt, 1991). Diplarrhcna also differs

from Nivenioideae in that the root itielaw Icm ves-

sels in all Nivenioid genera have only scalaiiloriii

including Diplarrhcna, they arc simple iChcadle.

190:?). Clearlv. no single character can indepen-

dently lest relationships, and a revised morpholog

ical analysis of Iridaceae m the light of new data

niav help to re-olve ibis eoiiiiiiilruill.

Periportal nectaries within Iridoideae. Among
other Iridoideae. there is apparently a preadapta-

tion to production of perigonal secretory structures

(character B in Fig. 1), since both perigonal nec-

taries .\iu\ elaiophores |oil-piodiieiug glands) are

wid.spiead in llie -iililaini ly but otherwise unusual

within Asparagales (although some Orchidaccae

have nectariferous tepaline spurs).

llie presence of sugary neclar las oppose. I lo oil
I

secreted from the lilainenl column is an aulapo-

mtirphy for <>ls\niiini. The "•diffuse"" 1
1< « lane- that

occur in Monica Inrida and 1/. ochmlcura appeal

to be unique in the family, vet must have arisen

independently from each oilier, since the two spe-

cies belong in different subgenera (Ooldhlalt. \<KU>.

I'>' ».".!>>. However, given their topological similarity

and close phv logeiicl ic relal loiiship. il -ccuis likely

that the elaiophores lounil in some Siwi mchiiun

species may have evolved from perigonal nectaries.

Daumann's (1935) detailed work on nectaries in

many different species ol Ills (Iridoideae) mav help

loelucidale nectary evolution in Iridaceae In some

his species the neelai ilerous legions extend from

around the base ol llie periaiilh/slamen tube and

around the base ol the stvle. so thai the neclarv

exudes nectar at the same place as it would in an

epig\i s Howci that possessed septal nectaries

(e.g.. in members of subfamily Crocoideae. or in

Dioscorca. Dioscoreaceae: Caddick ct al.. 2000 1.

fliis raises the intriguing possihihlv thai peiigoual



by heterochrony (temporal shifts), or possibly hel-

erotopy (Alberch et al.. 1979; Bateman, 1994;

Baum & Donoghue. 2002: Kudall & Bateman.

2002). specifically reflecting later formation of no-

taries thai are expressed in a more distal position

on organ priniordia. Tins hypothesis, which re-

quires |e>ting in a molecular-developmental con

text, is dependent on taxa with perigonal nectaries

having evolved from ancestors with septal nectaries

(as shown in Fig. 1) rather than from taxa that

lacked septal nectaries entirely It is noteworthy

that perigonal nectaries, which are relatively un-

wilh epigvnv (e.g.. in Iridaeeae and ( )rchidaceae !.

although exceptions include some taxa of the order

Liliales. in win. i< s are coinmon

and liolh epiL-v i in I | i • in ( lindall e|

al.. 2000). Van Heel (1988) examined gynoecial

and septal nectary development in some hvpogv

nous Asparagales. hul there have been very few

such developmental studies on epigyuons \sp;ua-

gales. although Payer (18571 illustrated organogel!

esis in Cladiolits communis (Iridaeeae) and Mogen-

sen (1969) in Agarc (Agavaceae). Kudall (2002a)

examined lloral development in the laxonomically

isolated lower asparagoid genus Xanthorrhoea

(\anlhorrhocaccae). in which the ovary is hvpogv-

nous al anthesis hut cpigv nous al early develop-

ment stages, and septal nectaries are extensive.

These investigations all showed initial free devel-

opment of organ priniordia (I wo peripheral lepal

whorls two stamen whorls, and finally three free

carpels) and subsequent axial elongation of the re-

ceptaciilar/plaeenlal legion by elongation of their

Furthermore, it seems unlikely that a de novo

nectar source should have evolved in Iridaeeae at

the same time as suppression of septal nectaries,

unless there is some developmental relationship

between the Iwo structures. Perigonal nectaries ap-

pear to be simply an alternative source of nectar

for the same insects, including bees of various fam-

ilies, thai also ,.< Ii i I. if ,< i m some Crocoideae.

i adapted for special-

:, including Ion- pio

bos, i,| lli.s. sunbirds. moths, and large I >i 1 1 1 ,
•

1 1 1 1
-

.

so common in Crocoideae. seems related to the

presence of a well-developed perianth tube and

widespread lloral zygomorphy in Crocoideae and

not directly to nectary type. However, the source of

perianth tube where nectar is retained and beyond

the reach f shorl-loiigued or short-proboscid in-

• paucity (

sects. This (actor is obviously significant in the de-

velopment of the specialized pollination strategies

so common within Crocoideae (Bernhardt & Gold-

blatt, 2000).

It is also predictable that within Asparagales tri-

chorne elaiophorcs were exploited only in a siibfam-

(i.c. Iridoideae). Oil collection is a widely exploited

syndrome in the Nootropics and adjacent temperate

zones to the north and south, and bees of several

gencia in different families utilize lloral oils, hence

the disproportionate development of oil secretion in

the New and Old Worlds. In contrast to the situation

in the New World, in which literally hundreds of

Iridaeeae secrete floral oils, in the Old World only

one species of Iridaeeae [Trihmiopsis parriflora) is

known to do so. and only one genus of bees is

adapted to exploit lloral oil seotelion.
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